Methods: a nested case control study in a population-based screening programme. The presence of pes planus, scoliosis, pectus deformities, flexible auricular cartilages and Gorling's sign were combined with the Beighton joint mobility score to form a connective tissue laxity score. The association between connective tissue laxity and the risk of AAA was investigated through a logistic regression model. Type III collagen turnover was assessed using a serum radio-immunoassay for type III procollagen (PIIINP). Results: data from 231 controls (aortic diameter <2.5 cm) and 190 cases (AAA >2.9 cm) were analysed. Odds ratios (OR), adjusted for known confounders were 3.1 (95% CI: 1.1-8.6) for the highest group of connective tissue scores and 2.4 (95% CI: 1.0-5.4) for the middle group, compared with those with no signs of abnormal connective tissue function.
Introduction
dislocations and tendon contractures. 3 Vascular pathology includes aneurysms affecting mainly small to Aortic aneurysms have been linked with several other medium sized arteries, although large arteries such disorders that display manifestations of lax connective as the aorta and carotid arteries are also commonly tissue, such as Ehlers-Danlos syndrome and Marfan's affected in EDS type IV. Spontaneous rupture of nonsyndrome. Ehlers-Danlos syndrome (EDS) is a group aneurysmal as well as aneurysmal arteries is common of variable clinical entities that share signs of joint in EDS IV, although most cases of arterial ruptures laxity, ligamentous fragility, bruising and hyperoccur in non-aneurysmal arteries. 2 Varicose veins are extensibility of the skin. EDS type IV (vascular EDS) also common in vascular EDS. 2 differs from the other varieties of EDS in the severity An association between inguinal hernias and both of the vascular fragility, both venous and arterial, 1,2 aortic and peripheral aneurysms has been reported. 4-7 the prematurely aged and thinned skin of the hands, Several studies have found a significantly greater infeet and face (acrogeria), the appearance of large eyes, cidence of ventral incisional hernias and recurrent lobeless ears and the development of keloidal scars. 1 abdominal wall hernias in patients with AAA than in Other clinical features include acropatients with occlusive aorta-iliac disease. 4, 8, 9 A recent osteolysis, sparse scalp hair and orthopaedic abstudy disputed this association and claimed that a normalities such as congenital bilateral club feet, hip reason for the increased incidence of incisional hernias after AAA repair is a sub-optimal suture technique at the end of a long operation. 10 * Please address all correspondence to: A. B. M. Wilmink, Regional It is still unclear whether the pathogenesis of an-Vascular Unit, St. Mary's Hospital, Praed Street, London W2 1NY, U.K. AAA.
Hyperextension left knee >10°Yes=1/No=0 Hands to floor with extended knees Yes=1/No=0 common first line anti-hypertensive treatment is a Methods combination of betablockers and diuretics; however, beta-blockers were not considered in this respect be-A nested case control study was performed within a population based screening programme for abdominal cause of a concurrent trial of propranolol and its effects on the growth of small aneurysms. Calcium channel aortic aneurysms in men over the age of 50 in Huntingdon (U.K.). Cases and controls were recruited from antagonists and ACE inhibitors were not considered because they are usually a second line anti-hyper-the patients registered with a general practitioner (G.P.) in Huntingdon District. 11 Everybody living in the dis-tensive treatment, or are used for the treatment of angina or cardiac failure, respectively. It was therefore trict is required to be registered with a G.P., so the population invited for screening is equivalent to the felt that diuretic use would be the most accurate proxy estimate of treatment for uncomplicated hypertension. general population. To ensure a clear distinction between cases and controls, a case was defined as ''a All subjects had a brief standardised medical examination by the same observer. At this examination, person with an infrarenal aortic diameter of 30 mm or more'' and a control was defined as ''a person with an measurements of height, weight, arm-span, length and width of the right hand, blood pressure and infrarenal aortic diameter less than 25 mm''. Controls were matched for age using frequency matching and ankle-brachial pressure index (ABPI) were taken. Peripheral vascular disease was deemed present if the were selected at random from the population of screened men with an aorta diameter smaller than ABPI was lower than 0.8. All subjects were examined for the presence of skin laxity, defined as the ability 25 mm. Cases were followed-up with regular 6monthly ultrasound scans. Controls had only two to stretch the skin of the mid forearm by more than 4 cm, pes planus or club feet, scoliosis, pectus de-scans, their initial screening scan and a second scan as part of the study protocol. The average follow-up formities, flexible auricular cartilage, Gorling's sign (the ability to touch the tip of the nose with the tongue). time for cases was 2.5 years, compared with 5 years for the control population. Change in aortic diameter Each of these signs was scored with a 1 if present and 0 if absent. The Beighton score of joint mobility (Table  was calculated by dividing the difference between the diameter on the last scan and the first scan by the 1) was assessed 13, 14 and added to the total scores for the other signs to form a connective tissue laxity score. follow-up time in years. An expanding aneurysm is defined as an aneurysm with an average growth of This aggregate score was divided into three categories: 0, 1-3 and greater than 3. All subjects were also 2 mm per year.
Data about current smoking status, smoking history, examined for the presence of varicose veins and inguinal hernias. family history of aortic aneurysms, occupational history, previous medical history and drug history were Infrarenal aortic diameter was measured by ultrasound. 15 All measurements of the infrarenal aortic obtained through a self-administered questionnaire. Subjects were specifically asked about a history of diameter (IAD) were made by the same ultrasonographer. In cases, a longitudinal scan of the ab-fractures, dislocations, ligamentous injuries and hernia operations.
dominal aorta was made and the maximum external antero-posterior diameter was measured at the widest A positive history of ischaemic heart disease was recorded if the patient had experienced a myocardial part or the most distal 1 cm of the abdominal aorta, with the patient in supine position. In controls, the infarction, had had hospital treatment for angina or had undergone a coronary bypass operation or cor-IAD was measured in the most distal 1 cm of the abdominal aorta. Ultrasound (US) measurement of the onary angioplasty. The presence of angina was diagnosed according to the criteria of the Rose IAD was performed after the medical examination to ensure that the observer was not aware whether a questionnaire. 12 A history of diuretic use was used as an indicator of anti-hypertensive treatment. The most subject was a case or a control.
Blood samples were taken at the time of the medical arterial disease or both (Table 2) . Smoking status, examination for measurement of type III collagen turnhistory of past ischaemic heart disease and the presence over. The samples were spun down and the serum of peripheral vascular disease were independently frozen at −20°C on the same day for analysis at a associated with an increased risk of small aneurysms. later date. Batches of 76 serum samples were analysed The association with cerebro-vascular disease and curon the same day by the same biochemist from the rent ischaemic heart disease disappeared on mul-Department of Chemical Pathology at Hinchingbrooke tivariate analysis when adjusted for those risk factors. Hospital. The concentration of the amino-terminal pro-Cases were not significantly more likely to have a peptide of type III procollagen (PIIINP) was used as history of fractures, dislocations, ligamentous injuries a proxy measurement of type III collagen turnover, or cartilage operations. assuming the absence of any cause for enhanced col-Cases were more likely to have physical signs of lagen synthesis, since the aminoterminal propeptide connective tissue laxity. No single sign was sigis split off the procollagen molecule during type III nificantly associated with an increased risk of AAA. collagen synthesis. 16 The concentration of PIIINP was Scores for the individual signs were summed and measured in duplicate, using an equilibrium type added to the Beighton hypermobility score to generate serum radio-immunoassay of the amino-terminal proa connective tissue laxity score. There were 29 controls peptide of type III procollagen based on a ighly puriand 15 cases with a laxity score of 0, 180 controls and fied specific human antigen (Pharmacia & Upjohn Ltd, 151 cases with a laxity score of 1-3, and 21 controls Diagnostics Division, Milton Keynes, U.K.) according and 24 cases with a score >3 (Pearson Chi-squared; to the instructions of the manufacturer. 17,18 The intra-p=0.18). However, the combined laxity score was assay and interassay coefficients of variation of this significantly associated with an increased risk of AAA, assay are less than 5% and the sensitivity is 0.2 g/l. after adjusting for smoking, history of past ischaemic The reference range for adults, based on data of Finnish heart disease, the presence of peripheral vascular disblood donors was 1.7 to 4.2 g/l, with no differences ease and anti-hypertensive treatment (Table 3) . These between males and females. 17 figures indicate that the group with the highest con-Statistical analysis was performed with unnective tissue laxity scores was 3.1 times more likely conditional logistic regression methods. 19 Odds ratios to have a AAA (95% CI: 1.1 to 8.6) than those with (OR) are used as a measurement for relative risk. the lowest scores, whereas those in the group with the Confidence intervals of the adjusted OR were calmiddle scores were 2.4 times more likely to have an culated with a logistic regression model using the log AAA (95% CI: 1.0 to 5.4) compared with those with likelihood method. Differences in serum PIIINP levels the lowest scores. The test for trend on the adjusted were evaluated using a two-tailed t-test. All statistical odds ratios in a multivariate regression model was calculations were performed with STATA 5.0 for Macsignificant (log-likelihood-ratio test, Chi-squared= intosh (STATA Corporation, College Station, TX, 4.26 (d.f.=1) p=0.04). U.S.A.).
Thirty-six cases with an AAA larger than 40 mm, 132 cases with a diameter smaller than 40 mm, and 35 cases with an expanding AAA (defined as an annual increase in diameter of more than 2 mm) were compared separately with 200 controls. The association between connective tissue laxity appeared to be stronger in subjects with a large AAA, compared with Results those with a small AAA. However, the confidence intervals of the estimates were very wide due to A total of 227 cases and 264 controls were enrolled in the small numbers of larger aneurysms. This study the study. Serum measurements for collagen turnover therefore cannot demonstrate conclusively that the were available for 201 cases and 247 controls A comassociation with connective tissue laxity is stronger in plete data set including a full physical examination patients with larger aneurysms. was available for 190 cases (AAA >29 mm) and 231
There was no difference in armspan/height ratio age-matched controls (aortic diameter <25 mm). The between cases and controls, nor was there any difage distribution in both groups was comparable: the ference in hand length and hand width measurements mean age of the controls was 70 (s.d. 8.7) compared between cases and controls (Table 4) . to 71 (s.d. 7.9) in cases. Cases were significantly more The mean collagen turnover was similar in cases likely to be current smokers or ex smokers, and to have a history of ischaemic heart diseases, peripheral and controls. There was also no significant difference Table 2 
. Crude odds ratio (OR) and adjusted odds ratios for having an aortic aneurysm, using a logistic regression model adjusting for age, smoking history, history of ischaemic heart disease (IHD), peripheral vascular disease and anti-hypertensive treatment. Smoking was defined as someone who was a current smoker or ex-smoker. Peripheral vascular disease was judged present if the ABPI was <0.8. Use of diuretics was treated as an indication of hypertension treatment.

Variable
Crude AAA. A test for trend was significant.
Variable Cases Controls
As far as we know, this is the first reported study to explore a possible association between signs of Height 174 (6.2) 173 (7.0) Armspan 177 (7.6) 176 (7.9) connective tissue laxity and aortic aneurysms. The a link between possible connective tissue laxity and AAA. None of the individual factors was significantly associated with an increased risk of AAA. in mean collagen turnover between those with a large There have been three reports that mention a higher AAA (diameter >4 cm) and controls. Those with an prevalence of inguinal hernias in patients with an expanding aneurysm had a similar collagen turnover AAA 4,5, 7 and several studies found a significantly to those with stable aneurysms (Table 5 ). greater incidence of ventral incisional hernias and recurrent abdominal wall hernias in patients with AAA, compared with patients with occlusive aortoiliac disease. These reports suggest weaker connective Discussion tissue in aneurysm patients. 4, 8, 9 We did not find an association between the risk of AAA and occupation We have shown that signs of connective tissue laxity are associated with abdominal aortic aneurysms. This to explain the possible association between inguinal hernias and AAA. effect remained significant after adjusting for known risk factors such as smoking, family history of AAA,
We combined the signs of connective tissue laxity with the Beighton score of joint mobility which was history of ischaemic heart disease, prevalence of peripheral vascular disease and treatment of hypertension developed in the 1970s, and has withstood the test of time for reproducibility/reliability. 14 this combined score to further clarify a link between However the numbers of larger aneurysms and expanding aneurysms in our study were small (ap-connective tissue laxity and AAA. This score has not been used before and has therefore not been validated. proximately half of the number of subjects in Satta's paper), so a type II error cannot be excluded. The We do believe our findings are robust because the link between connective tissue laxity and AAA remained results of this study suggest that small aneurysms are not associated with an increased breakdown of significant after adjusting for all known confounding factors. Many of the individual variables pointed to-collagen. Satta has shown an increased collagen turnover in patients with larger aneurysms. This could wards a positive association, although none of these alone reached statistical significance. There is a clear suggest that collagen breakdown becomes more important with increasing expansion of the aneurysm. association with the severity of connective tissue laxity, in that patients with a higher connective tissue laxity score had a higher risk of aneurysms.
Armspan-height ratio and hand measurements were Conclusion identical in cases and controls. This could indicate that the collagen abnormalities are probably different from Connective tissue laxity is associated with a higher those found in Marfan's Syndrome and EDS type I. risk of having an AAA. The collagen turnover is similar The identification of flexible auricular cartilages as one in patients with a small AAA and controls. These of the individual risk factors that verged on a statistical results suggest that aneurysms may be associated with significant association with AAA suggests a subnormal subnormal connective tissue rather than an increased type III collagen.
breakdown of normal collagen. We have demonstrated in a previous cross-sectional study that the normal aorta does not expand with increasing age. We estimated that only about 25% of normal aortas are prone to dilatation with increasing Acknowledgements age. 20 Smoking is the most important risk factor for ABMW was supported by a Health Services Research grant from development of aneurysms, but only 15%-25% of aorthe Anglia and Oxford Regional Health Authority. The Huntingdon tas seem to expand as a result of smoking. 20 This Aneurysm Screening project is supported by the Anglia and Oxford suggests that there is a predisposition towards an-Regional Health Authority and the British Heart Foundation. We are grateful to Sharon Plaza for the measurements of the aortic eurysmal disease. This study looked at a population diameter and to Chris Marshall for the collagen turnover measof small, screen-detected aneurysms and is therefore urements. particularly suited to the investigation of factors important in the initial phase of aneurysm development. The results of this study suggest that patients who are prone to aneurysmal dilatation of the aorta have signs References of increased connective tissue laxity.
